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tered at +120 bp, the following ones at 
+300 and +480, respectively. RNA POL 
II sits right on the TSS. In the upstream 
region, we observe no periodic signal 
indicative of regular nucleosome posi-
tioning (phasing) across promoters. 
The closest nucleosomes are located 
around position −180 leaving a minimal 
nucleosome-free promoter region of 
150 bp. As the respective peaks of the 
H3K4me3 and H2A.Z signals coincide, 
it seems likely that these two histone 
variants partly co-occur in the same 
nucleosomes. However, their relative 
abundance varies according to posi-
tion, with H2A.Z and H3K4me3 pre-
ferring the upstream and downstream 
promoter regions, respectively.
It is interesting to compare these 
results with the nucleosome architec-
ture of yeast promoters as determined 
by Albert et al. (2007) for the H2A.Z 
histone variant using a similar data 
analysis method. They too observe a 
strong phasing of nucleosomes down-
stream of the TSS with a periodicity of 
about 170 bp. Between the promoter 
flanking −1 and +1 nucleosomes there 
appears to be a 120 bp nucleosome-
free region, slightly shorter than 
observed in human cells. The average 
TSS position was found to be located 
~13 bp inside the upstream border of 
the +1 nucleosome in contrast to the 
TSS position in human cells, which 
is located ~45 bp upstream of the +1 
nucleosome boundary. However, this 
difference is readily explained by the 
scanning model of transcription ini-
tiation in yeast (Kuehner and Brow, 
2006), which suggests that RNA POL 
II first forms a preinitiation complex 
at the promoter site and then slides 
downstream along the DNA until it 
finds an appropriate sequence for ini-
tiating transcription.
Thus, we demonstrate that sepa-
ration of ChIP-Seq tags from the + 
and − DNA strands is essential for 
high-resolution mapping of DNA-
protein complexes. Applying such 
an approach to the data presented in 
the Barski et al. (2007) paper allowed 
us to establish the consensus chro-
matin architecture of human promot-
ers for two histone variants. With the 
high tag coverage obtained with the 
Solexa platform (about 70 tags per 
nucleosome for H3K4me3) we expect 
that individual nucleosomes can be 
mapped with near base-pair resolu-
tion for a majority of active promoters. 
Our results further suggest that ChIP-
Seq may be an effective alternative 
technique for genome-wide promoter 
mapping, complementing methods 
based on the 5′ tag sequencing of 
full-length cDNAs generated with 
RACE (Rapid Amplification of cDNA 
Ends) or similar protocols.
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Positions Using  
chIP-seq Data
We have recently reported genome-
wide maps of 20 histone lysine and 
arginine methylation marks as well 
as the histone variant H2A.Z, the 
insulator-binding protein CTCF, and 
RNA polymerase II (RNA POL II) in 
human CD4+ T cells. We obtained 
these data by sequencing the DNA 
samples obtained from chroma-
tin immunoprecipitation (ChIP) 
using the Solexa high-throughput 832 Cell 131, November 30, 2007 ©2007sequencing technique, a method 
termed ChIP-Seq (Barski et al., 
2007). We found that trimethylation 
of lysine 4 of histone H3 (H3K4me3) 
is greatly increased around the tran-
scription start site (TSS) of genes 
and that the level of this mark cor-
relates with transcriptional activity. 
Furthermore, we observed that the 
H3K4me3 signals downstream of 
the TSS were divided into several  Elsevier Inc.subpeaks at +50, +210, and +360. 
Considering that we used mononu-
cleosomes as our chromatin inputs 
for the ChIP experiments and that 
the short sequence reads obtained 
from the sequencing analysis repre-
sent the ends of the DNA templates, 
we suggested that these subpeaks 
may represent the presence of simi-
larly positioned nucleosomes rela-
tive to the TSS in actively transcribed 
genes. Indeed, in their Correspon-
dence, Schmid and Bucher have 
further analyzed our ChIP-Seq data 
by separating the sequence reads 
according to the + or − DNA strand. 
They found that the reads from the + 
strand of DNA define the 5′ ends and 
that reads from the − strand define 
the 3′ ends of nucleosomes. They 
point out that the short sequence 
tags can be used to precisely map 
nucleosome positions near the TSS 
of genes.
We completely agree with the 
observation of Schmid and Bucher 
that ChIP-Seq data for histone modi-
fications and histone variants can 
be used to define nucleosome posi-
tions. However, this technique is lim-
ited by a number of factors. First and 
foremost, this technique can only be 
used to map nucleosomes that are 
associated with certain modifica-
tions, limiting the genomic regions for 
which nucleosomes can be mapped. 
Second, specific histone modifica-
tions can have an effect on the posi-
tioning of nucleosomes. For example, 
it has been shown in the budding 
yeast Saccharomyces cerevisiae that 
nucleosomes are first hyperacety-
lated before being removed from 
the activated promoter of the PHO5 
gene (Boeger et al., 2003; Reinke and 
Horz, 2003). Third, the nucleosomes 
mapped by this method cannot be used to determine the nucleosome 
level at specific regions because 
the number of sequence reads for a 
nucleosome is dependent on both 
the nucleosome level and the modifi-
cation level of each nucleosome.
Schmid and Bucher compare the 
nucleosome positions determined 
using ChIP-Seq data for the histone 
variant H2A.Z with data obtained 
by Albert et al. (2007) using similar 
techniques in yeast. They propose 
that nucleosome-free regions in 
human cells are slightly shorter than 
in yeast. However, what is really 
being observed here is the absence 
of H2A.Z-containing nucleosomes 
in these regions. It is possible that 
unmodified canonical nucleosomes 
exist in these regions. To precisely 
map the genome-wide distribu-
tion of nucleosome positions and 
nucleosome levels in an unbiased 
manner, the DNA from the mononu-
cleosome fractions without the ChIP 
step should be directly sequenced.Cell 131, NovRefeRences
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